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1
FUEL MIXTURE CONTROL SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

This invention is directed to a control system which is
operative to establish a variable operative fuel mixture for
powering a vehicle, comprising both gaseous fuel, such as
natural gas, and distillate fuels, such as diesel, dependent at
least in part, on predetermined ones of a plurality of oper-
ating modes and operating characteristics of the vehicle. The
fuel control system is specifically adaptable for determining
an efficient and effective operative fuel mixture for powering
high capacity off-road vehicles such as mine haul trucks.

Description of the Related Art

Mine haul trucks are off-highway, two axle, rigid dump
trucks, specifically engineered for use in high production
mining and heavy duty construction environments. As such,
haul truck capacities typically range from 50 short tons (45
tons) to 400 short tons (363 tons). In addition, the largest and
highest payload capacity of such haul trucks are referred to
as “ultra class” trucks. This ultra class includes haul trucks
having a payload capacity of at least 300 short tons or
greater. Numerous manufacturers throughout the world pro-
duce such mammoth vehicles which are engineered for both
performance and long operable life. Trucks of this type are
developed specifically for high production duty wherein
material is transported in large quantities in order to lower
transportation costs on a cost-per-ton basis.

Typically mine haul trucks are powered by either direct
drive diesel or diesel electric power trains frequently includ-
ing a multiple horse power turbo charged diesel engine. Due
to the exceptional size and weight of such vehicles, they
cannot be driven on public access roads, but are ideal for
high production environments wherein massive quantities of
material must be moved, handled, relocated, etc. on a
continuous or regular basis.

Accordingly, it is well recognized that distillate fuels,
specifically diesel, are used as the primary fuel source for
such vehicles. Attempts to maximize the operational effi-
ciency, while maintaining reasonable safety standards, have
previously involved modified throttle control facilities.
These attempts serve to diminish adverse effects of control
mechanisms which may be potentially harmful to the vehicle
engine operation as well as being uneconomical. Typical
adverse effects include increased fuel consumption and wear
on operative components. Therefore, many diesel engines
and the vehicles powered thereby are expected to accom-
modate various types of high capacity payloads and provide
maximum power for relatively significant periods of opera-
tion. As a result, many diesel engines associated with heavy
duty and off-road vehicles are commonly operated at maxi-
mum or near maximum capacity resulting in an attempted
maximum power delivery from the vehicle engine and
consequent high rates of diesel consumption. It is generally
recognized that the provision of a substantially rich fuel
mixture in the cylinders of a diesel engine is necessary for
providing maximum power when required. Such continued
high capacity operation of the vehicle engine results not only
in wear on the engine components but also in high fuel
consumption rates, lower operating efficiencies, more fre-
quent oil changes and higher costs of operation.

Accordingly, there is a long recognized need for a fuel
control system specifically intended for use with high capac-
ity, off-road vehicles including mine haul vehicles of the
type generally described above that would allow the use of
more efficient fueling methods using other commonly avail-
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able fuel sources. Therefore, an improved fuel control sys-
tem is proposed which is determinative of an effective and
efficient operative fuel mixture comprised of a combination
of gaseous and distillate fuels. More specifically, gaseous
fuel can comprise natural gas or other appropriate gaseous
type fuels, wherein distillate fuel would typically include
diesel fuel.

Such a preferred and proposed fuel control system should
be capable of regulating the composition of the operative
fuel mixture on which the vehicle engine currently operates
to include 100% distillate fuel, when the vehicle’s operating
mode(s) clearly indicate that the combination of gaseous and
distillate fuels is not advantageous. Further, such a proposed
fuel control system could have an included secondary func-
tion to act as a general safety system serving to monitor
critical engine fuel system and chassis parameters. As a
result, control facilities associated with such a preferred fuel
control system should allow for discrete, user defined con-
trol and safety set points for various engine, fuel system and
chassis parameters with pre-alarm, alarm and fault modes.

SUMMARY OF THE INVENTION

This invention is directed to a fuel control system spe-
cifically comprising technology that allows for the safe and
efficient use of a gaseous fuel such as, but not limited to,
natural gas, in combination with a predetermined quantity of
conventional distillate fuel, such as diesel fuel. As a result,
the composition of an “operative fuel mixture” used to
power a vehicle engine will, dependent on the operating
modes of the vehicle engine and operating characteristics of
the engine during the operating modes; be either a prede-
termined combination of gaseous fuel and distillate fuel or
substantially entirely distillate fuel, absent any contribution
of gaseous fuel.

Moreover, the fuel control system of the present invention
incorporates “real time” measurement capabilities specifi-
cally, but not exclusively, of each of the gaseous fuel and
distillate fuel and the operative fuel mixture. More specifi-
cally, metering technology appropriate to each of the gas-
eous and distillate fuels will be used to establish data display
and data logs of the percentage of gaseous fuel and diesel
fuel of the operative fuel mixture composition. Such appro-
priate metering will also facilitate the tracking of the overall
gaseous fuel and diesel fuel consumption. Also, the pre-
ferred measurement capabilities operative with the respec-
tive metering for each of the gaseous and distillate fuels will
facilitate the optimization of both of the gaseous fuel throttle
position and diesel fuel throttle position in a closed loop
fashion.

More specifically, the fuel control system of the present
invention is preferably designed to function as a master
controller and a safety system, specifically adaptable for
high capacity, off-road “mine haul” type vehicles. It is to be
noted that the term “operative fuel mixture” may, as set forth
above, include a composition composed of both gaseous fuel
and distillate fuel. However, for purposes of clarity, the term
“operative fuel mixture” may also specifically refer to a
composition comprised substantially entirely of the distillate
fuel. Accordingly and as set forth in greater detail herein-
after, the composition of the operative fuel mixture may best
comprise both gaseous fuel and distillate fuel in predeter-
mined quantities. However, when the vehicle engine is
operating at different predetermined operating modes, maxi-
mum efficiency and/or safe operation of the vehicle may best
be accomplished when the operative fuel mixture is sub-
stantially entirely composed of distillate fuel.
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Also, the term gaseous fuel is meant to include natural gas
or other gaseous type fuels appropriate for engine operation.
Similarly, the term distillate fuels refers primarily to a diesel
fuel in that the high capacity, off-road mine haul trucks and
similar vehicles operate utilizing an electronic diesel engine
comprising “fly-by-wire” type throttle control signals. As
commonly recognized, the “fly-by-wire” systems incorpo-
rate an electronic interface wherein throttle positions and
other operative features associated with the vehicle are
converted to electronic signals transmitted to appropriate
controls, processors, etc. which are determinative of vehicle
engine operation.

Accordingly, the fuel control system of the present inven-
tion incorporates an electronic control unit (ECU) which is
structured to modulate the throttle position signal (TPS)
conventionally transmitted from the vehicle throttle foot
pedal, or other throttle assembly, to the vehicle engine
control assembly. Therefore, upon receipt of the throttle
position signal, the ECU generates and transmits a “modu-
lated throttle position signal” to the vehicle engine control
assembly dependent at least in part on the operating mode(s)
of the vehicle. The control system of the present invention
further includes a gaseous control unit. The electronic con-
trol unit is further structured to generate an auxiliary fuel
control signal which is transferred to the gaseous control
unit dependent at least in part on the operating mode(s) of
the vehicle.

The auxiliary control signal generated is transmitted con-
currently to the modulated throttle position signal and both
signals are determinative of a quantity of gaseous fuel and
distillate fuel to be included in an operative fuel mixture on
which the vehicle operates. Therefore, the modulated
throttle position signal and the auxiliary control signal are
collectively determinative of the composition of the opera-
tive fuel mixture on which the vehicle engine operates
during at least a first predetermined number of the afore-
mentioned operating modes of the vehicle engine.

As recognized in the operation of heavy duty, off-road
mine haul vehicles, the operating modes of the vehicle
include: low idle conditions when the vehicle is at rest; high
idle conditions (dump mode) when the vehicle is at rest; the
vehicle being unloaded on a zero grade support surface;
loaded on a zero grade surface; unloaded in a climb orien-
tation; loaded in a climb orientation; unloaded in a descent
orientation and loaded in a descent orientation.

However, of the above noted operating modes of the mine
haul vehicle, a “first predetermined number” of such oper-
ating modes are consistent with the composition of the
operative fuel mixture including both the gaseous fuel and
the distillate fuel in predetermined quantities. Such a first
predetermined number of operating modes are herein rec-
ognized as including: unloaded condition of the vehicle in
motion on a zero grade support surface; loaded condition of
the vehicle in motion on a zero grade support surface;
unloaded climb orientation of the vehicle in motion and
loaded climb orientation of the vehicle in motion. Accord-
ingly, maximum or increased efficiency of the vehicle engine
when operating in the first predetermined number of oper-
ating modes can best be accomplished using an operative
fuel mixture comprised of both gaseous fuel and distillate
fuel.

However, a second predetermined number of operating
modes of the vehicle engine include: a low idle, vehicle at
rest; high idle (dump mode) vehicle at rest; unloaded descent
orientation of the vehicle in motion and loaded descent
orientation of the vehicle in motion. Accordingly, during
operation of the vehicle in the second predetermined number
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4

of operating modes, the composition of the operative fuel
mixture preferably comprises only the distillate fuel and is
substantially void of any added gaseous fuel.

The fuel control system of the present invention and more
specifically the electronic control unit further comprises
programming capabilities which are operative to perform a
throttle mapping function comprising the ability to deter-
mine pre-selected discrete throttle maps for at least some of
said first predetermined number of operating modes. More-
over, each of the discrete throttle maps may be defined by
the operative fuel mixture comprising a combined predeter-
mined gaseous fuel and distillate fuel for vehicle engine
operation, whereby the maximum possible amount of gas-
eous fuel is utilized for the particular engine payload sce-
nario, in keeping with the normal combustion parameters,
such as exhaust gas temperature (EGT), cylinder pressure
and detonation limits. In addition, the throttle mapping
capabilities include the ability to alter the programmed
throttle maps based on both ambient temperature and mani-
fold air temperature (MAT). It is recognized the gaseous fuel
component of the operative fuel mixture can be present in
higher percentages based on a lower temperature of the
combustion air. By way of example only, the same mine haul
truck operating in winter, or in an overall cooler operating
environment, can have a greater amount of gaseous fuel
contained in the operative fuel mixture than when operating
during summer. Accordingly, the ambient temperature and
the manifold air temperature at least partially control the
quality of the operative fuel mixture at least to the extent of
determining the amount of gaseous fuel capable of being
included in the composition of the operative fuel mixture.
The added safety advantages include the regulation or
restriction of gaseous fuel to the operative fuel mixture when
the mine haul truck is operating in varying environmental
conditions as determined by pre-established temperature
parameters.

In addition, the electronic control unit further comprises
recognition capabilities operative with the programming
capabilities and structured to recognize “operating charac-
teristics” of the vehicle during at least some of the above
noted operating modes. As used herein, the predetermined
operating characteristics of the mine haul vehicle comprise:
engine RPM; vehicle wheel speed; distillate throttle position
signal; gaseous auxiliary control signal; engine coolant
temperature sensing vehicle pitch and payload condition.
Therefore, the recognition capability of the electronic con-
trol unit serves to recognize certain operating modes of the
vehicle and concurrently recognize the operating character-
istics of the vehicle while in the determined operating mode.

It is also to be noted that operation of the vehicle’s engine
using a gaseous fuel and distillate fuel operative mixture is
also dependent on the engine having reached a minimum
operating temperature. As such, the fuel control system
includes engine coolant temperature sensing capabilities
which are operative to prevent or restrict the inclusion of
gaseous fuel in the operative fuel mixture until the engine
has reached a predetermined minimum operating tempera-
ture. As indicated the operating temperature of the engine
may be established by sensing the temperature of the engine
coolant. Further, this feature prevents improper operation of
either a liquid natural gas (LNG) vaporizer or a compressed
natural gas (CNG) high pressure regulation system, both of
which rely on the circulation of sufficiently hot engine
coolant for their operation.

Additional features of the fuel control system of the
present invention include monitoring capabilities structured
to monitor a plurality of predetermined vehicle safety set
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points, each of which are determinative of safe operation of
the vehicle. As a result, the monitoring capabilities include
a control function interactive with the gaseous control unit
to restrict gaseous fuel and thereby restrict the inclusion of
the gaseous fuel in the operative fuel mixture when the
monitoring capabilities indicate that the predetermined
vehicle safety set points have been reached or exceeded.
Elimination of the gaseous fuel from the operative fuel
mixture will thereby restrict or regulate operation of the
vehicle so as to bring it within the acceptable parameters of
the predetermined vehicle safety set points. As a result, the
control function associated with the monitoring capabilities
is cooperatively structured with the gaseous control unit to
substantially eliminate gaseous fuel content from the opera-
tive fuel mixture. In doing so, the control function is
operative to effectively negate both modulation of the
throttle position signal and generation of the auxiliary fuel
control signal, dependent on recognition of at least prede-
termined or preset ones of the operating modes of the
vehicle.

To further facilitate and assure safe operation of the
vehicle, the electronic control unit further comprises pro-
gramming capabilities which allows the pre-selection of the
aforementioned plurality of predetermined vehicle safety set
points. The user programmable safety set points may com-
prise: engine EGT; engine vibration; engine manifold air
temperature (MAT); engine manifold air pressure; engine
vacuum; lower explosive limits (LEL) in the engine bay;
high gaseous fuel supply pressure (high pressure stage); high
gaseous fuel supply pressure (low pressure stage); engine
RPM; wheel speed and control; vehicle pitch limits and
vehicle roll limits; flame detection capabilities for the chas-
sis and engine bay as well as gas detection of the driver cab
and engine bay. Moreover, the safety set points as at least
partially outlined above can be “non-latching” or “latching”
(i.e. locked out) depending on whether the monitored values
exceed discrete “pre-alarm” or “alarm” set points respec-
tively. Once a pre-alarm set point has been exceeded, the
operative fuel mixture comprises 100% distillate fuel, which
is maintained until the electronic control unit detects that the
vehicle has come to an idle condition for a specified period
of time, at which time the pre-alarm condition is reset
automatically. In the case of an alarm set point being
exceeded, the operative fuel mixture comprises 100% dis-
tillate fuel, which is maintained until the electronic control
unit is reset by authorized personnel. Additional adminis-
trative features include the electronic control unit storing the
pre-alarm and alarm information in non-volatile memory for
subsequent retrieval and reporting. Additional data logging
is accomplished for additional predetermined parameters to
facilitate operator performed diagnostics.

Additional safety features are incorporated in the fuel
control system of the present invention by providing an
emergency stop or gas shut-off facility which may be
manually activated by the operator or other personnel. This
emergency stop or shut-off terminates gaseous fuel opera-
tion remotely, such as from the vehicle cab, as well as from
a location exteriorly of the vehicle. Finally, an additional,
user programmable set point is provided which allows for
operation on 100% distillate fuel in the event the gaseous
fuel supply level drops below a predetermined value.

In addition, yet another preferred embodiment of the
present invention comprises a “user defined” gaseous fuel
inhibiting feature. More specifically, the operator is provided
and/or has access to a generic contact or control facility that
is operative to restrict or prevent the use or inclusion of
gaseous fuel in the operative fuel mixture based on any one
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6

or more factors that may be predetermined or otherwise
“user defined”. In at least partial accord therewith a “status
display facility”, preferably in the form of a bi-LED annun-
ciating device, may be made available to the operator. Such
an annunciating device or facility will allow the operator to
immediately recognize the operational status as well as the
overall status of the fuel distribution system of the present
invention including, but not limited to, the status of the
alarm, pre-alarm hold, control hold, composition of the
operative fuel mixture (existence of gaseous fuel in the
composition), etc. Therefore, the electronic control unit
incorporated in the fuel control system of the present inven-
tion includes structural and operative features which facili-
tate the determination of the preferred or required compo-
sition of the operative fuel mixture being both distillate and
gaseous fuel combined or substantially 100% distillate fuel,
considering the current operating modes and operating char-
acteristics of the vehicle.

In regard to the operating modes and operating charac-
teristics of the vehicle engine, it is recognized that gaseous
fuel is not included in the operative fuel composition when
the vehicle is in a low idle, high idle or descent modes of
operation. Accordingly the electronic control unit discrimi-
nates between the operating modes by referencing operating
characteristics such as engine speed, wheel speed, engine
map and vehicle pitch. Further, each control value of the
aforementioned set points is user programmable and non-
latching, i.e., exceeding control set point values results in a
temporary modification of vehicle engine operation. More-
over, versatility of the fuel control system of the present
invention and the operation of the mine haul vehicle may be
significantly enhanced by including remote monitoring
capabilities. As such, the various operating modes and or
operating characteristics can have their respective param-
eters remotely varied or adjusted, such as by means of
cellular, satellite or other appropriate communication net-
works.

Another operative feature of the fuel control system of the
present invention is the ability to interface with the OEM
chassis and engine data network of the mine haul truck. It is
recognized that all modern electronic diesel engines incor-
porate a “controller area network” or Can-bus that allows the
OEM controller of the vehicle to interface with all of the
various sensors and end-devices used on the engine. Accord-
ingly, by interfacing with the Can-bus network, the system
of the present invention can utilize existing sensor data such
as, but not limited to, that associated with the wheel speed,
MAP, MAT, engine RPM, etc. as well as chassis data,
without having to utilize or rely on dedicated sensors.

These and other objects, features and advantages of the
present invention will become clearer when the drawings as
well as the detailed description are taken into consideration.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature of the present
invention, reference should be had to the following detailed
description taken in connection with the accompanying
drawings in which:

FIG. 1 is a schematic representation in block diagram
form of one operative component of the fuel control system
of'the present invention directed to an electronic control unit
and its various capabilities as a participant in the operation
of the fuel control system.

FIG. 2 is a schematic representation in block diagram
form of operative steps associated with the electronic control
unit.
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FIG. 3 is a schematic representation in block diagram
form of the operation and performance of recognition capa-
bilities of the electronic control unit during the performance
of the fuel control system of the present invention.

FIG. 4 is a schematic representation in block diagram
form of the programming capabilities associated with the
electronic control unit.

FIG. 5 is a schematic representation in block diagram
form of operative features of the monitoring capabilities of
the electronic control unit of the fuel control system of the
present invention.

Like reference numerals refer to like parts throughout the
several views of the drawings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

As schematically represented in the accompanying Fig-
ures, the present invention is directed to a control system
operative to establish a coordinated mixture or more spe-
cifically an operative fuel mixture of combined gaseous fuel
and distillate fuel or alternatively only distillate fuel depen-
dent on operating modes and operating characteristics of a
vehicle. In particular, the control system of the present
invention is specifically adaptable for use with high capacity
vehicles, such as, but not limited to locomotives, earth
moving equipment such as bulldozers, front-end loaders and
shovels, container handling equipment such as rubber tire
gantry cranes and reach stackers, heavy duty trucks and
buses, and preferably, off-road vehicles such as mine haul
trucks.

More specifically, the control system of the present inven-
tion comprises an electronic control unit 10 (ECU) which
during practice and performance of the control system of the
present invention demonstrates the operative features of its
programming capabilities 12, recognition capabilities 14 and
monitoring capabilities 16 as represented in FIG. 1. As
represented in FIG. 2, the ECU 10 receives a throttle
position signal 18 based on a “fly by wire” procedure
incorporating an electronic interface. Moreover, the throttle
position signal 18 is generated by the vehicle throttle assem-
bly (throttle foot pedal) and dependent on the operating
modes 34 and the operating characteristics 39 operative
conditions of the vehicle and/or vehicle engine 24, may be
delivered to the ECU 10 wherein the TPS 18 is modified, as
at 18' to establish an operative fuel mixture 30 which is
composed of both distillate fuel and gaseous fuel, as
explained in greater detail hereinafter. However, when the
operating modes 34 of the vehicle and/or engine 24 dictate
that the composition of the operative fuel mixture 30' is
100% distillate fuel, the TPS 18 will not be modified or
modulated, as at 18", and be transmitted to the diesel fuel
supply assembly for delivery to the engine 24 in the form of
an operative fuel mixture 30' which is composed of 100%
diesel fuel.

It is emphasized the term “modulated” as used herein is
meant to describe a modification of the originally generated
TPS 18 received from the throttle pedal and is not meant to
describe the generation of a “new signal form”. More
specifically the modulated TPS signal 18' represents a modi-
fication of the TPS 18 which informs the diesel supply
assembly 22 that a lesser, predetermined percentage of the
diesel fuel is to make up a portion of the operative fuel
mixture 30. Therefore the modulated TPS 18' signal can be
accurately described as a “predetermined percentage” of the
original TPS signal 18, which is representative of the
“percentage” of the diesel fuel contained in the operative
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fuel mixture 30. Accordingly, if the operating modes 34, 36
indicate that the operative fuel mixture should comprise both
diesel and gaseous fuel mixture, the TPS 18 is “pulled” into
the ECU 10 and modified to the extent that the modulated
signal 18' represents a percentage of the original TPS signal
18 sufficient to deliver the proper percentage of diesel fuel
to the operative fuel mixture 30.

Accordingly, when the operating modes 34 of the vehicle/
engine 24 comprise a first predetermined number of oper-
ating modes 36 the ECU 10 is operatively structured to
modify or modulate the received throttle position signal 18,
resulting in the generation of a “modulated throttle position
signal” 18' which is delivered to the diesel supply assembly
as represented in FIG. 2. As operatively structured, the gas
supply assembly 23 and gas control unit 20 determines the
amount of gaseous fuel to be included in the operative fuel
mixture 30 and the timing of delivery of the gaseous fuel
delivered to the engine 24. As indicated herein, the operative
fuel mixture 30 is composed of both diesel and gaseous fuel
in predetermined quantities as it is delivered to the engine
24.

However, the fuel control system of the present invention
also includes a gas control unit 20, which is disposed and
structured for the delivery of a gaseous fuel source, such as
natural gas. Further interaction between the ECU 10 and the
gas control unit 20 will serve to generate an “auxiliary fuel
control signal” 26 which is delivered to a gas supply
assembly 23. It is of note that the modulated throttle position
signal 18' and the auxiliary fuel control signal 26 may be
substantially concurrently delivered to the respective diesel
supply assemble 22 and the gas supply assembly 23. As a
result, the predetermined mixture of both gaseous fuel and
distillate fuel results in the formation and delivery of the
“operative fuel mixture” 30 to the engine 24 of the vehicle.
Therefore, as indicated the modulated throttle position sig-
nal 18' and the auxiliary fuel control signal 26 are collec-
tively determinative of a quantity of gaseous fuel to be
included in the operative fuel mixture 30 along with the
appropriate quantity of distillate fuel. Once the operative
fuel mixture 30 is determined, its delivery to the engine
results in its current powering and operation, based in part
on the operating modes and/or operating characteristics of
the vehicle as explained in greater detail hereinafter.

With further reference to FIG. 2, it is recognized when the
above noted composition of the operative fuel mixture 30 is
utilized, the gaseous fuel does not “arrive” instantly. There-
fore, a priming circuit assembly 62 is operatively associated
with the gas control unit 20 and/or the gas supply assembly
23, as well as regulating software 60. Moreover, when the
TPS 18 is being modified and the flow of diesel to the engine
is stopped, the priming circuit assembly 62 is operative to
direct a dedicated quantity of gaseous fuel to the engine
independent of the gas supply assembly 23 being driven by
the auxiliary control signal 26. The delivery of this dedicated
quantity of gaseous fuel will therefore compensate for the
lag in fuel delivery to the engine 24.

As represented in FIG. 3 and as set forth above, the ECU
10 includes recognition capabilities 14. The recognition
capabilities 14 are operative to regulate or restrict both the
modulation of the throttle control signal or more specifically
the modulated throttle control signal 18' as well as the
auxiliary control signal 26 dependent, at least in part, on a
plurality of operating modes 34 of the vehicle. As relates to
the high capacity, off road vehicle specifically including a
mine haul truck, the plurality of operating modes include:
low idle, vehicle at rest; high idle (dump mode), vehicle at
rest; unloaded zero grade orientation; loaded zero grade
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orientation; unloaded climb orientation; loaded climb ori-
entation; unloaded dissent orientation and loaded dissent
orientation. However, it is further recognized that out of the
above noted possible operating modes set forth above, a
lesser “first predetermined number” of operating modes 36
is adaptive for the use of an operative fuel mixture 30 which
comprises both gaseous fuel and distillate fuel.

Accordingly, the first predetermined number of operating
modes 36 comprise: the vehicle being unloaded on a zero
grade; loaded on a zero grade; unloaded in a climb orien-
tation and loaded in a climb orientation. As a result the
remainder of the above outlined plurality of the operating
modes 34 are defined by a “second predetermined number”
of operating modes 38, which include: the vehicle being at
low idle, vehicle at rest; high idle (dump mode), vehicle at
rest; unloaded in a dissent orientation and loaded in a dissent
orientation. Therefore, when the recognition capabilities 12
of the ECU 10 are operative to recognize the vehicle
assuming any of the second plurality of operating modes 38,
the result is a restriction or regulation of the modulation of
the throttle position signal 18' as well as the restriction or
elimination of the generation of the auxiliary controls signal
26. In turn, the operative fuel mixture 30" will be void of any
gaseous fuel component as the vehicle operates in any one
of the second predetermined number of operating modes 38.

With primary reference to FIG. 4, the electronic control
unit 10 further comprises the aforementioned programming
capabilities 12 structured to establish a predetermined fuel
composition of the operative fuel mixture 30, for vehicle
operation during the first predetermined number of operating
modes 36. More specifically, the programming capability 12
is operative allow a pre-selection of discrete throttle maps 40
for at least some or all of the first operating modes 36. Each
of the discrete throttle maps 40 are defined by the operative
fuel mixture 30 being composed of both gaseous fuel as well
as distillate fuel, as the operative fuel mixture is delivered to
the vehicle engine 24. Moreover, each of the discrete throttle
maps 40 is preselected for maximizing efficiency of the
vehicle engine 24 during a different one of the first prede-
termined number of operating modes 36. As such, each of
the discrete throttle maps 40 is at least partially depended on
prescribed combustion parameters of the vehicle engine.

Further with regard to FIG. 4, the ECU 10, including the
recognition capabilities 14 associated therewith, is operative
with the programming capabilities 12 to recognize “operat-
ing characteristics” 39 of the vehicle during the occurrence
of at least some of the operating modes 36. For purposes of
clarity and specifically relating to a high capacity off road
vehicles specifically including mine haul trucks, the oper-
ating characteristics 39 comprise: the vehicle engine RPM;
wheel speed; distillate throttle position signal; gaseous aux-
iliary control system and vehicle pitch and payload.

FIG. 5 is directed to the monitoring capabilities 16 which
may be interactive with the fuel control system of the present
invention such as by being integrated as part of the ECU 10,
as indicated in FIG. 1, or as otherwise interactive therewith.
The monitoring capabilities 16 are structured to monitor a
plurality of predetermined vehicle safety set points 50
indicative of safe operation of the vehicle. Monitoring
capabilities 16 include a control function 48 interactive with
the gaseous control unit 20 to restrict or eliminate the
contribution of gaseous fuel to the operative fuel mixture
30'. This will occur upon the monitoring capabilities 16
indicating or determining that the predetermined vehicle
safety points 50 have been exceeded. During such an occur-
rence the operative fuel mixture 30' is void of any gaseous
fuel. Accordingly, the control function 48 is interactively
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operative with the monitoring capabilities 16 and is struc-
tured to negate both modulation of the throttle position
signal 18' and the generation of the auxiliary control signal
26 upon the occurrence of the predetermined safety set
points 50 being exceeded. In addition to the general prede-
termined and/or preprogrammed safety features 50, at least
a plurality of such safety features may be preprogrammed
and set as emergency safety set points as at 52. As a result,
the operator in the cab of the vehicle is provided access to
a gaseous fuel supply shut off 54. The shut-off may be
manually operated by occupants of the cab of the vehicle and
responsive to determination by the monitoring capabilities
of at least one of the emergency safety set points 52 of the
vehicle. As set forth above, the manual shut-off is operative
to override normally controlling capabilities and function-
alities of the ECU 10.

Since many modifications, variations and changes in
detail can be made to the described preferred embodiment of
the invention, it is intended that all matters in the foregoing
description and shown in the accompanying drawings be
interpreted as illustrative and not in a limiting sense. Thus,
the scope of the invention should be determined by the
appended claims and their legal equivalents.

Now that the invention has been described,

What is claimed is:
1. A control system operative to establish a coordinated
mixture of gaseous and distillate fuels for a high-capacity
off-road vehicle, said control system comprising:
an electronic control unit including programming capa-
bilities and recognition capabilities; said programming
capabilities operative to recognize a first predetermined
number of operating modes and a second predeter-
mined number of operating modes of the vehicle,

said recognition capabilities cooperative with said pro-
gramming capabilities and being operative to recognize
operating characteristics of the vehicle,

said electronic control unit structured to receive an origi-

nal throttle position signal from a vehicle throttle
assembly and generate a modulated throttle position
signal to a vehicle engine control assembly, dependent
on said first predetermined number of operating modes,
a gaseous control unit structured to generate an auxiliary
fuel control signal to said gaseous control unit depen-
dent on said second predetermined number of operating
modes,

said modulated throttle position signal and said auxiliary

control signal determinative of quantities of distillate
fuel and gaseous fuel to be included in an operative fuel
mixture on which the vehicle engine operates during
said first and second predetermined number of operat-
ing modes respectively,

said operative fuel mixture comprising both said gaseous

fuel and said distillate fuel when the vehicle is oper-
ating in said first predetermined number of operating
modes,

said operative fuel mixture comprising said distillate fuel

and substantially void of said gaseous fuel when the
vehicle is operating in said second predetermined num-
ber of operating modes, and

said programming capabilities further operative to per-

form a throttle mapping function comprising the ability
to preselect discrete throttle maps for at least some of
said first operating modes.

2. A control system as recited in claim 1 wherein said
modulated throttle position signal and said auxiliary control
signal are substantially concurrently generated during said
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first predetermined number of operating modes to establish
said operative fuel mixture appropriate to a current operating
mode.

3. A control system as recited in claim 2 wherein said
electronic control unit includes recognition capabilities
operative to restrict both modulation of said throttle position
signal and generation of said auxiliary control signal depen-
dent on recognition of at least a second predetermined
number of operating modes of the vehicle.

4. A control system as recited in claim 1 wherein said first
predetermined number of operating modes comprise the
vehicle being: in motion while unloaded on a zero grade
support surface; in motion while loaded on a zero grade
support surface; in motion while unloaded in a climbing
orientation; in motion while loaded in a climbing orienta-
tion.

5. A control system as recited in claim 4 wherein each of
said discrete throttle maps is preselected for maximizing
efficiency of the vehicle engine operation during different
ones of said first predetermined number of operating modes.

6. A control system as recited in claim 1 wherein said
electronic control unit includes recognition capabilities
operative to regulate both modulation of said throttle posi-
tion signal and generation of said auxiliary control signal
dependent on recognition of at least a second predetermined
number of operating modes of the vehicle, wherein said
operative fuel mixture comprises distillate fuel substantially
void of gaseous fuel during said second predetermined
number of operating modes.

7. A control system as recited in claim 1 wherein said
electronic control unit further comprises recognition capa-
bilities operative with said programming capabilities and
structured to recognize operating characteristics of the
vehicle during at least some of said operating modes.

8. A control system as recited in claim 7 wherein said
second predetermined number of operating characteristics
comprise one or more of the vehicle engine RPM; engine
manifold air pressure; vehicle wheel speed; distillate throttle
position signal; gaseous auxiliary control signal; vehicle
pitch condition and vehicle payload.

9. A control system as recited in claim 1 wherein said
electronic control unit further comprises recognition capa-
bilities structured to determined engine speed; said elec-
tronic control unit including a limiting function operative
with at least said gaseous control unit to regulate the quantity
of gaseous fuel in said operative fuel mixture.

10. A control system as recited in claim 9 wherein said
limiting function of said electronic control unit are operative
to decrease the quantity of gaseous fuel in said operative fuel
mixture concurrent to engine speed exceeding predeter-
mined engine speed parameters.

11. A control system as recited in claim 1 further com-
prising monitoring capabilities structured to monitor a plu-
rality of predetermined vehicle and engine safety set points
indicative of safe operation of the vehicle; said monitoring
capabilities including a control function interactive with said
gaseous control unit to restrict gaseous fuel in said operative
fuel mixture upon said monitoring capabilities indicating
that said predetermined vehicle safety set points have been
exceeded.

12. A control system as recited in claim 11 wherein said
control function is cooperatively structured with said gas-
eous control unit to substantially eliminate gaseous fuel
content from said operative fuel mixture.

13. A control system as recited in claim 12 wherein said
control function is operative to negate both modulation of
said throttle position signal and generation of said auxiliary
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control signal dependent on recognition of at least some of
said operating modes of the vehicle.
14. A control system as recited in claim 13 wherein said
control function is operative to negate both modulation of
said throttle position signal and generation of said auxiliary
control signal dependent on recognition of at least said
second predetermined number of operating modes of the
vehicle.
15. A control system as recited in claim 11 further
comprising a gaseous fuel supply shut-off manually opera-
tive and responsive to determination by said monitoring
capabilities of at least one of said plurality of predetermined
vehicle safety set points.
16. A control system as recited in claim 11 wherein said
plurality of predetermined vehicle safety set points comprise
gaseous fuel level; engine RPM; wheel speed; engine vibra-
tion; engine exhaust gas temperature; combustible gas detec-
tion (LEL); engine manifold air pressure; vehicle pitch
condition and vehicle roll condition.
17. A control system operative to establish a coordinated
mixture of gaseous and distillate fuel for operation of a high
capacity off-road vehicle, said control system comprising:
an electronic control unit including programming capa-
bilities and recognition capabilities; said programming
capabilities operative to recognize a first predetermined
number of operating modes and a second predeter-
mined number of operating modes of the vehicle,

said recognition capabilities cooperative with said pro-
gramming capabilities and being operative to recognize
operating characteristics of the vehicle,

said electronic control unit structured to modulate a

throttle position signal from the vehicle throttle assem-

bly and generate a modulated throttle position signal

directly to a vehicle engine control assembly dependent

on said first predetermined number of operating modes;

a gaseous control unit; said electronic control unit
further structured to generate an auxiliary fuel con-
trol signal to said gaseous control unit dependent on
said second predetermined number of operating
modes of the vehicle,

said auxiliary control signal determinative of a quantity
of gaseous fuel to be included in an operative fuel
mixture,

said modulated throttle position signal and said auxil-
iary control signal being determinative of said opera-
tive fuel mixture on which the vehicle engine oper-
ates during said first predetermined number and said
second predetermined number of said operating
modes respectively,

said programming capabilities operative to pre-select
one of a plurality of discrete throttle maps, each of
said plurality of discrete throttle maps corresponding
to at least one of said first predetermined number of
operating modes; each of said discrete throttle maps
defined by said operative fuel mixture comprising a
predetermined gaseous and distillate fuel mixture for
vehicle engine operation within normal combustion
parameters of the vehicle with respect to at least one
of said first predetermined number of operating
modes,

said operative fuel mixture further comprising a maxi-

mum amount of gaseous fuel possible within said

normal combustion parameters,

said operative fuel mixture comprising both said gas-
eous fuel and said distillate fuel when the vehicle is
operating in said first predetermined number of oper-
ating modes, and
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said operative fuel mixture comprising said distillate
fuel and substantially void of said gaseous fuel when
the vehicle is operating in said second predetermined
number of operating modes.

18. A control system as recited in claim 17 wherein said 5
first predetermined number of operating modes comprise the
vehicle being at rest in a low idle condition; at rest in a high
idle condition; in motion while unloaded on a zero grade
support surface; in motion while loaded on a zero grade
support surface; said second predetermined number of oper- 10
ating modes comprise the vehicle being in motion while
unloaded in a climbing orientation; in motion while loaded
in a climbing orientation; in motion while unloaded in a
descent orientation; and in motion while loaded in a descent
orientation. 15

19. A control system as recited in claim 18 wherein said
operating characteristics comprise: the vehicle engine RPM;
vehicle speed; distillate throttle position signal; gaseous
auxiliary control signal; vehicle pitch condition and vehicle
payload condition. 20



